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In reviewing this book I am going to say some harsh things about it. From this

one might think that I did not like the book. In fact, one would be wrong to think so. For

this reason I wish to state up front that I did like the book. It was an ambitious

undertaking and I think that the author has, for the most part, pulled it off. This

extremely broad and rich book will allow those non-specialists with a sufficiently long

attention span to obtain a good understanding of what cosmic rays are and what cosmic-

ray research is all about. I have pointed out things that bothered me because I believe

that the book is good enough for a second edition and I hope that these matters can be

addressed at that time.

According to the dust jacket, Professor Michael Friedlander wrote this book for

the "amateur scientist and the educated general reader". I would just add to this statement

that the reader should be rather ambitious; there is a great deal of material here and

someone who is easily discouraged will have a hard time getting through it. The entire

sweep of cosmic-ray research is here, starting with the very beginning in 1911-1912

when Victor Hess showed, in a series of balloon flights, that the mysterious radiation that

discharged electroscopes despite all attempts to shield them dramatically increased with

altitude and thus came from outside the earths atmosphere. The story continues through

the 1930s, 1940s and into the 1950s when cosmic-ray studies were divided into two

primary areas, the study of the elementary particle interactions of the extremely high



energyparticlesand the studyof the effectof the geomagneticfield on the propagation

and arrival at earthof theseparticles.In the 1950sthedevelopmentof laboratorybased

particle acceleratorsshifted the former areaaway from cosmic rays leaving the field

primarily concernedwith thegeophysicalandastrophysicalaspectsof thephenomena.

The sweepof this book is broadand up to date;therearevery few topics that

are left out (shortly, I shall mentiona coupleof topics that I would like to haveseen

includedbut werenot.) The latestinformationandunderstandingis includedsuchasthe

detectionof neutrinosfrom supernova1987A and the ultra high energyparticlesthat

seemto defy the limits on energyanddistanceof travel implied whenone considersthe

effectthattheuniversalmicrowavebackgroundwould haveon suchparticles.

In this book thereaderwill find almosteverythingtheeducatedlaymanwould

want to know about cosmic rays (well, almost everything); there are chapterson

geomagneticeffects,high energyparticlesfrom the sun, thepropagationof cosmic rays

throughthe galaxy,origin theoriesandelectrons,gammaraysand neutrinos.There is a

chapteron theelementaryparticlephysicsdonewith cosmic raysaswell asone on the

role of cosmic rays in radiocarbondating in archeologyand biological effects.As one

might imagine,organizingall of this material into a coherentwhole is a dauntingtask.

While this book does not flow like a novel I would say that the author has donean

admirablejob of puttingit all together.

In a book that includes so much it is inevitable that questionsof style and

organizationwould arise.I found severaldigressionsanddetoursthatweredisconcerting

to me.For examplein discussingthe role of the geomagneticfield in the determination

that cosmic rays were (mostly positive) chargedparticles, the narrative shifts into a



history of magnetic field researchstarting with Gilbert. At this point I found myself

wanting to get on with the cosmic-raystory but, on secondthought, I realized that the

readerfor whom this book waswritten might want just suchan asidein order to gain a

little perspectiveon the subject.There is nothing more frustrating than running into an

unfamiliar and unexplainedconcept while valiantly trying to follow an argument.I

supposethat in such a situation it is better for the author to err on the side of over

completenessrather than incompleteness;after all, one cansimply skip theparts that are

alreadyknown.

ThereareplaceswhereI believe that this lack of compactnessinterfereswith

understanding.For instance,on page75 there is a long paragraphon the structureof

nucleiwith no mentionof neutrons.Finally, after a goodbit of interveningmaterial,they

appearon page 79 in a discussionof isotopes.I believe that a clearer picture of the

nucleuswould have appearedin a more unified discussion. Another example is in the

chapteron the origin of cosmic rays. In the early part of the chapterthe well known

historical supernovaeandthe historyof their observationsis discussed.Later, thechapter

turns to observationsof the remnantsof supernovaewith the Crab nebulaservingasthe

archetype.Although thereis a gooddiscussionof thehistoryof observationsof the Crab

it goeson for threepagesbeforethe connectionof theCrab with the famoussupernova

of 1054is mentioned.I believethestorywould haveflowed abit moresmoothlyhadthis

beenmentionedmuchsooner.

As I havesaidpreviously,I feel that therewereomitted topics that shouldhave

beenincluded. The first is the role playedby neutronmonitorsin the elucidationof the

low energyendof thespectrumandthedependanceonenergyof solarmodulation.These



detectors,that are especiallysensitiveto the low energy nucleoniccomponenet,are

operated by many universities and researchorganizationsover a wide range of

geomagneticlatitudes. As is explained in this book, the geomagneticfield makes

detectorsat different latitudessensitiveto different regionsof theenergyspectrum.Thus,

studyingthetime variationsof thesedetectorsgivesvaluableinformationabouthow the

solar wind effectscosmicraysat differentenergy. Thereis awealthof information that

couldhavebeengivenhereaswell asstoriesof high adventure,suchasthesmugglingof

dataout from underthenosesof rebelguerrillasin certainSouthAmericancountries.

A secondtopic that I wish had beenincluded is the accelerationof charged

particlesby plasmashocks.While theauthordoesmentionthat a shockof this typedoes

exist at the outeredgesof supernovaremnantshe doesnot mentionthat the processof

shockaccelerationis now widely heldto be theprimaryprocessthatacceleratesthebulk

of the galacticcosmic rays.In fact, in the discussionof the anomalouscosmic raysthat

areacceleratedby the solar wind from interstellarneutralatoms,the author statesthat

they are acceleratedby the solar wind by some meanswhereasthe overwhelmingly

acceptednotion is that it is the solar wind terminationshockat =80 - 100 AU that is

responsiblefor theacceleration.I think that aprocessthatplayssucha centralrole in our

understandingof thesourceof cosmicraysdeservedsomemention.

I now cometo theunpleasantpartof any review.Up to now my complaintshave

beento a certain extent issuesof taste and opinion, organizationalissues,things not

includedthat I would like to have seenincluded and so forth. Now I must address

statementsmadein thebook that aresimply wrong. Thereareseveralmisstatementsin



this book; someperhapscausedby unintentionalchangesmadebetweentheauthorsdraft

andtheprintedversionbut surelysomeof themarisingout of misconceptions.

First of all, contraryto the statementon page64, theUlyssesspacecraftcannot

be confined to the ecliptic and go to high latitudes; the statement is an oxymoron as it

stands. I feel certain that the author did not mean to say this but the words were garbled

somewhere in the production process. Unfortunately, at the bottom of the same page an

explanation, that I presume was intended by the author, is given in some detail and is

completely wrong. The statement is as follows: "Because of the sun's rotation, the solar

wind does not simply stream out along straight radial directions like the spokes on a

wagon wheel but follows curved, spiraling paths, in what is often called the garden hose

effect. The Earth thus encounters the solar wind coming from a direction slightly ahead

of the direct Earth-sun line." Now the second sentence is true and it is due to the sun's

rotation but this is not the garden hose effect and the wind does follow straight lines. The

rotation of the sun gives the particles of the wind an initial component of velocity in the

direction of rotation as well as an outward one so the analogy should be to the spokes of a

bicycle wheel rather than a wagon wheel. The garden hose effect refers to the spiral

pattern that the magnetic field of the sun takes as it is dragged out by the wind. This is

exactly what happens in a spinning lawn sprinkler. Each drop of water flies straight out

along the radial direction but since subsequent drops are emitted at slightly different

directions due to the rotation of the nozzle all of the drops together form a spiral pattern

while each one travels radially outward. In fact the garden hose angle of the solar

magnetic field at the position of the Earth is not slight but about 45 ° from the Earth-sun

line.



The last incorrectstatementthat I feel I shouldpoint out is, again,oneof those

sentencesthat I believegot mixed upsomewherein theproductionprocessbecauseit can

be correctedby insertingonly afew words.Therehavebeennoair showersinitiatedby

100TeV electronscomingfrom SN1006aswasstatedon page146.Theywereinitiated

by -3 TeV gamma-rayphotons produced by 100 TeV electrons in the supernova

remnant. As was stated on several occasions in this book, interstellar magnetic fields

would tangle up the path of electrons so much that it would be impossible to tell where

the came from if any such electrons had been observed (they have not) whereas photons

come in straight lines from their source often revealing their point of origin.

Finally I would like to comment about a remark the author makes on page 218

that I can not claim is wrong but which I, nevertheless, wish he had not made. This is the

statement that perhaps 800 cases of cancer are produced by cosmic rays per year in the

United States. Here the author is venturing onto murky and controversial waters. This

estimate is based on a linear extrapolation from high dose data down to near zero dose

rate (the linear model with no threshold.) It is well known that living organisms have the

capacity to self repair if the traumas they receive are not too large or frequent. Whether or

not this includes very low levels of ionizing radiation has not, to my knowledge, been

established. But, as the author states the effect is "lost in the noise" and it may not, in

fact, exist at all.

Frank C. Jones is a Senior Scientist in the Laboratory for High Energy

Astrophysics of the NASA/Goddard Space Flight Center. He has worked in cosmic-ray



physics all of his professional life and in the theory of cosmic-ray propagation and

acceleration for most of his professional life.
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